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CdS THIN FILM SOLAR CELLS FOR TERRESTRIAL POWER 
Grant No. AER74-14918 Westinghouse Research Laboratories 

ABSTRACT 

The overall objective is the deve1o|Mnent of very low cost long 
lived Cu 2 S/CdS thin film solar cells for large scale energy conversion. 

This review covers approximately the second half of the first year's 
work at Westinghouse. 

In this period* the facility for fabricating a modified design 
terrestrial cell was operated steadily. Cell outputs started out low 
(at 3.4ji), dropped (to 2.0%) when closer controls were placed on the 
process, increased (to 3.4%) when a revised rinsing process was introduced, 
and increased further (to 5.0% average) when a revised barrier forming 
process was put into effect. 

Work continued on the development of a low cost grid system. 

A fNTinted grid, using flake graphite pi^nent in a polysulfone binder was 
dev,.1oped, and gave reasonably compatible grid lines. However, the line 
width and resistivity were both too high for the required fine mesh grid 
and further work war- postponed. 

Fxcell^t evaporated metal grid patterns were obtained using 
a specially designed apet*ture mask. Line widths of 1 mil and spacings 
of i. nd 100 l^nes per inch were readily obtained. Vacuum evaporated 
gold and copper grids of 50 lines per inch and 1 micron thickness were 
adequate electrically for the fine mesh contacting grid. Some difficulty 
was encountered with such grids dropping cell output to half or less, 
though usuclly the outputs could be restored by vacuum annealing. The 
difficulty is believed to be due to localized shorting of the grid to 
n-type CdS in crevices in the CU 2 S layer. 

Real time roof top sunlight exposure tests of encapsulated 
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CdS cells show no loss In output after 5 months. 

Accelerated life testing of encapsulated cells show no loss 
of output power after 6 months of 12 hour dark-12 hour AMI illumination 
cycles at 40°C, 60\, 80°C and lOO^C temperatures. However, the cells 
are showing changes in their basic parameters, such as series and 
shunt resistance and junction capacitance. There are indications that 
these changes can be correlated with specific degradation inodes and 
hence there is an expectation tha+ the accelerated tests will be of 
value in predicting cell lifetimes in normal usage. 
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B- mm, mmm of p roei 

The DEVEUowerT of VfeRY Low Cost Long Lived 
CdS/Ci^ Thin Film Solpr Cells 


The First Riase of a Three Year Effort to Carry 
THE CDS Thin Film Solar Cell to the Threshold 
OF Practical applications 
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c> a ^ . / m viTY m m si x m\^ 

1- SX>C PROBLEM OF HIGH 1^ AND UM SCO 

2 - Operate st^voard process cell fabrication facility and 

ACHIEVE ^ MINIMUM EFFICIENCY LEVEL 

5“ Continue development of low cost grid system 

4- Study ^E1H0K of proiecting cells from tic atmosphere- 

recowcnd approach for intensive developicnt 

5- Obtain first indications of expected lifetiics of state- 

of-the-art CELLS IN terrestrial USE 

6- Start basic studies of cell structure and operating 

rCCHANISM 

7- Start studies of Dj^ layer to optimize structure for 

THINNER BASE UYERS 

8- Analyze losses in state-of-the-art cells to demonstrate 

PRACTICALITY OF HIGHER CELL EFFICIENCIES 
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D- DESCRIPTION OF PROGRESS MflDE 

1. Problem of High and Ljow SCC 

High I^ values earlier v€re apparently due to inadequately 

FORPED JUNCTIONS. ThEY IMPROVED GREATLY WHEN BETTER JUNCTIONS WERE 
WERE MADE. 

Higher currents (15 to 19 ma/cp?) were obtained by 

INCREASED ETCH TO OPEN GRAIN BOUNDARIES, AND BY USE OF 
HIGHER CuCl dip TEMPERATURE 
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3M 
2M 
3M 
5.QZ 

Reproducibility - Fair (+ 205S at 5.QJS level) 

Yield - Good 87% in 3rd Qtr. 

92% IN 4m Qtr. 


A TOTAL OF 53 STANDARD PROCESS CELL RUNS MADE IN 
6 MDNm PERIOD 6 cells/run) 

Initial Process AVG. ETF. = 
Tightened Controls AVG. EFF. = 
Revised Process - Faster Rinse AVG. EF. = 
Re-Revised Process - New Etch + Dip AVG. EF. = 
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RUN 97-5000X (Old Process) 


Run 189-5000X (New Process) 


(^KIMAL PAGl m 

or FooE 


SEN PICTURE OF SURFACE OF 
CugS/CdS CEU 

(5000X) 
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Run 97-2000X (Old Process) 







Run 185-2000X (Mew Process) 


SEM PICTURE OF SURFACE OF 
Cu«S/CdS CELL 


(20C0XI 
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D- leCRIPTION OF PROGRESS MADE 

3- Low fosT-jjRiD Sy stem 

Dual Grid System Selected as Most Promising 
Fine Grid Contact - Evaporated or Printed 
Coarse Collector Bus - Metallic Overuy 

Printed Grid - flake graphite pigment^ polysulfone binder 

- resistivities were too high 

- RESOLUTIONS WERE TOO LOW 

Evaporated Grid - mechanics of process worked out 

- aperture masks - 1 mil line widihs 

- 50 LPI SPACING UP TO iro 

- Excellent patterns obtained - good adhesion 

& COND. 

- Evaporated metals reduce cell output 
Coarse Collector Grid - conductive epoxy interconnect - OK 

- thermo-compression bonding - NOT TRIED 
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Problem: 

Ordinary conductive inks - much too high resistance 

.^YSIg. 

Pigment surface area too high to obtain high ijoading 
Approaches 

A- Flake piGMEm* to redxe surface area & increase 

PARTICLE to F.iPTICLE CONTACTS 

Flake graphite evaluated 

RESULTS PROMISING - BUT STILL TOO HIGH 
IN RESISTANCE “ TOO COARSE FOR DESIRED 
RESaUTION 

Flake copper may help 

6- Conductive binder 

c- Improved mixing to prevent complete 
wetting of piGi^mr 
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Analysis: 

Evaporated ^ETAL probably shorting to CdS in grain 

BOUNDARY CREVICES 

Approaches: 

A- Different KETALS 

Various metals have been tried. Gold works best^ and 
copper next, May tend to form blocking contact, (After 

Au OR Cu GRID EVAPORATION^ OUTPUT OF CELL CAN USUALLY 
BE RESTORED BY VACUUM ANNEALING,) TrY GRAPHITE, 

B- SEMI-CONDUCTOR UNDER rtTAL ELECTRODE, Sl^ Se) 

CU^ REACTIVELY SPUTTERED-GAVE GOOD JUNCTION TO (j)S 

C- Oblique evaporation to minimize penetration in crevices 
D- Improve continuity of Ci^ barrier layer 
Longer CuCl dip time-icaker hxm 
Improved agitation during dipping 
SlXWER etch to reduce CRtVIClNG 
Form CU2S barrier by solid state diffusion 
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D- 

4 - 


PtoimiNG Cells From Atmosphere 

R.F. SPUTTERING SVSTEM GBTAINED^ SET-UP AND TOOLED 

Si02^ AL2p^ m Targets obtained 

S1O5, /M) Si^ sputtered onto glass - TO CAUBRATE 


PROCESS 

Good adherent^ pim«x£-free coahnos obtained 0.2 to 1.0v 

THICK 


ReADT to apply to CU2S LmTER CELLS 
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D- DESCRIPTION OF PROGRESS mPE 
5- Life Testing 
A- Roof-top test 

5 MONTHS REAL TIIC EXPOSURE - NO LOSS OF OUTPUT 
B- ArmFRATFnilFFTFRT 

IN-SITU OUTPUT MEASUREMENTS FOR 6 MONTH ACCELERATED EXPOSURE 
SO^€ INITIAL DROPSj BUT f^DST CELLS HOLDING UP 


ACCURATE SIMULATOR TEST BEFORE & AFTER 6 MONTHS 
ACCELERATED EXPOSURE 
MOST CELLS SHOVING NO LOSS OF OUTPUT 
INTERNAL CELL PARAMtTERS SHOWING SOME CHANGES 
1^ INCREASING ~ AT ALL TEMPERATURES 
DECREASING - AT ALL TEMPERATURES 
C DECREASING - AT IDCPC C^'LY 

SOME CORREU\TION BETVCEN IN-SITU AND SIMULATOR DATA^ BUT 
MORE ACCURATE IN-SITU DATA NEEDED FOR BETTER 
CORRELATION. 
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CHANGE IN POWER - AMI at 25^C 
AFTER SIX MONTHS ACCELERATED EXPOSURE 
(Tested by NASA, LEWIS) 


Tenq>. of 

Cell 

CHANGE IN 

Exposure 

No. 

MAX. POWER 

40®C 

1 

-11.4% 


2 

- 0.5 


3 

0.0 


4 

- 6.3 

60®C 

5 

♦ 0.9 


6 

+ 0.9 


7 

- 1.7 


8 

+ 3.6 

80°C 

9 

- 2.3 


10 

+ 2.3 


n 

+ 0.9 


’2 

+ 3.1 

100®C 

13 

- 9.9 


14 

+ 4.7 


15 

+ 9.6 


16 

-23.4 
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SUMMARY 

CHANGE IN CELL PARAMETERS 
AT AM1-25°C 


AFTER SIX MONTHS ACCELERATED EXPOSURE 


PARAMETER 

Average Percent Change at: 

40°C 60°C 80°C 100°C 

OCV 

-0.2 

+1.4 

+1.6 

-1.8 

see 

-1.7 

+1.7 

+3.4 

+12.7 

M.P. 

-4.6 

+0.9 

+1.0 

-4.8 

FILL 

-2.8 

1.6 

-3.8 

-14.4 

«S 

+65 

+54 

+49 

+134 

•^SH 

-51 

-36 

-51 

-60 

C 

-2.1 

-0.4 

-1.3 

-35.4 
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E- $inV\Ry OF KEY JjESULTC * 

1. CfiS Ceil Fabrication Facility Operative 

Reached 51 average AMI efficiency for std. process 

FOR TERRESTRIAL DESIGN CELL. AlL CELLS OVER 

2. I%thqd developed for applying vacuum evaporated fine fesh 

GRID contact - basically LOW COST fETHOD USING APERTURE 
MASK. 

3. PROflECTED CELLS SHOW NO DEGRADATION OF OUTPUT ON 

REAL TII€ TEST AT 6 MOWIMS 

A- Accelerated test of protected cells indicate no probable 

DEGRADATION OF OUTPUT UNDER NORMAL CONDITIONS 
FOR AT LEAST SEVERAL YEARS 

5“ Accelerated test at elevated temperatures and heavier 
DUIY cycles is showing CHANGES IN BASIC CELL 
parameters - WHICH SHOULD LEAD TO MORE ACCURATE 
PROJECTIONS OF CELL LIFETIMES 


438 


F- yyuQRPimflis 


1. Vacuum evaporated grids apparently 

SHORTING CELLS. 

2* Printed grids too high in resistance and 
TOO coarse in resolution. 
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1- UpGRMJE STD PROCESS FACILITY FOR 

HIGHER OUTPUT () SO , MORE REPRODUCIBLE^ 

HIGH YIELDS 

A- Quality & homogeneity of CdS film 
B- Topology & structure of slbstrate 
c- Doping of Cu^ layer 
D- Optimize etch & dip process 

2- Continue deveuoppent of low cost grid 

A- Evaporated metal - non-shorting contact 
B- Printed grid - lower resistance^ finer resolution 
c- Develop interconnection for fine & coarse grids 

3- Develop encapsulation - passivation VEm 

A- Control Cl^ surface states - H2-. Ar^ N2 
B- Encapsulation - Si02^ Al203^ S13N/I evaluate 

for IMPERTtABILITY^ COMPATIBILITY^ OPTICAL COUPLING^ 
LONG LIFE 

C- EvALL^VTE multiple coatings - FOR OPTIMIZATION OF 
CONFLICTING REQUIREPEMTS 

4- Continue life testing 

I fir CoRREUTE real TIME & ACCELERATED TEST RESULTS 

• B- Identify modes of degradation 

c- Determine magnitudes of each & activation energy 
where applicable 

D- Project lifetines for each degradation mode for 
TYPICAL exposures & DUTY CYCLES 
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fr- PIANNBl ACTlVnY - NEXT 6 NQMTHS 


5- 


Studv ways to increase cell output 

A- see - INCREASE ABSORPTION^ IMPROVE LIFETIPE IN 
B- OeV - INCREASE BY SELECTED DOPING 

e- Fill factor - decrease - increase R3|^ 

D- Alternate cell constructions 
E- Analysis of losses in cells 



6- Reduce eventual cost potential 
A- Lower cost materials 
B- Thinner uyers - particularly euS 
C- Improve processing 


7- Study composition & structure of ei^/eDS 
A- High vs low output cells 
B- SEM & DIIIA studies of junction region 
e- Basic studies at University of Pittsburgh 
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